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CTR1 HOMOLOGUE FROM MELON 

This application claims priority to U.S. Provisional Application Serial No. 
60/218,307, expressly incorporated by reference herein. 

Field of the Invention /OTD <n 
The invention is concerned with a melon constitutive triple response (CTR1) 
homologue, called mCTR, vectors, cells and transgenic plants which comprise the 
coding sequence for mCTR or a biologically active fragment thereof and methods of 
producing transgenic plants wh,ch express mCTR or a biologically active fragment 
thereof. 
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Rack groun H nf the Invention 

Ethylene (CH2=CH2), is a naturally occurring plant hormone which has diverse 
effects on plant growth and development when produced by the plant itself or applied 
exogenous^. Ethylene promotes senescence in plants, both in selected groups of cells 
and in whole organs such as fruits, leaves and flowers. Ethylene mediated effects, such 
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as the stimulation of r,pen,ng in fruits and vegetables; leaf abscission, yellowing and 
epinasty and fad.ng and wilting in flowers are of considerable commercial importance to 
fruit vegetable and flower-related industries. Large quantities of ethylene are produced 
by plants during ripening and senescence and in response to trauma caused by 
5 chemicals, temperature extremes, water stress, ultraviolet light, insect damage, disease 

and mechanical wounding. 

Reducing ethylene biosynthesis is an effective way of prolonging the ripening 
process in fruit and also has potential to delay post harvest senescence. An alternative 
to reducing ethylene biosynthesis is to reduce the plant's ability to perceive and respond 
1 o to ethylene by interfering with the signal transduction pathway leading to the ethylene 
response A plant's ability to respond to ethylene is correlated with transcription of 
ethylene perception pathway components (Payton et a/.. 1996), and mutant plants 
insensitive to ethylene show a delayed senescence phenotype (Oh et al. 1997; Chao ef 
al. 1997). Great strides have been made in elucidating the signal transduction cascade 
1 5 responsible for ethylene perception in plants. 

The ethylene receptor and downstream components of the ethylene perception 
pathway have been identified, and in some plant species the corresponding genes have 
been cloned. In Arabidopsis, the ethylene receptor is a member of an extended gene 
family which includes ETR1 , ERS1, ERS2, ETR2, and EIN4 (Hua et al., 1998). 
20 Mutations at these loci result in plants that are insensitive to ethylene, and the mutations 
studied to date have been dominant. 

A need exists for further elucidating the effects of blocking the ethylene response 
on fruit, vegetable and flower development and for modulating the ethylene response in 
a variety of agricultural industries. 
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Summary of the Invention 

It is a general object of the invention to provide methods for interference with 
ethylene perception and ethylene response in the fruit of fruit-bearing plants. 

The invention provides an isolated nucleic acid molecule comprising a nucleic 
acid sequence encoding a melon protein with the activity of a constitutive triple 
response (CTR) protein, wherein the nucleic acid sequence is selected from the group 
consisting of; 
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(a) a nucleic acd sequence encoding a protein comprising the ammo acid 

sequence of SEQ ID NO: 2, 

(b) a nucleic acid sequence that is SEQ ID NO: 1; 

(c) a nucleic acd sequence (ha, is nucleates A-3286 o, SEQ ID NO:1, where.n 
A is any one of nucleotides 1440-1444; 

(d) a nucleic acid sequence that has at leas, 80, 85 or 90% sequence identity to 

the coding region of (a), (b) or (c) 

(e) a nucleic acd sequence that will hybridize under moderate to high stringency 
conditions to the sequence presented as SEQ ID NO.1. or the complement thereof; 

(f) a fragment of the nucleic acid sequence of (a), (b) or (c) wherein the fragment 
encodes a protein which has the activity of a constitutive triple response (CTR) protein; 

(g) a nucleic acid sequence tha, is degenerate as a result of the genetic code to 
the nucleic acid sequence of (a), (b), (c). (d), (e) or (f). 

in a related aspect, the invention provides a plant expression vector comprising 
an mCTR nucleic acid sequence selected from those described above, ooerably hnked 
,o control sequences recognized by a plan, cell transformed with the vector and 
transgenic plant cells comprising the nucleic acid sequence or plan, expression vector. 
The invention also provides mature transgenic plants comprising such transgenic 

20 plant cells. . 

,n a further related aspect, the invention provides an isolated protein having the 
activity of a constitutive triple response (CTR) protein, wherein the protein is encoded by 
a nucleic acid sequence selected from those described above. 

A method for producing transgenic plant lines having a decreased response to 
ethylene is also provided by the invention. The method includes the steps of introducing 
a plant expression vector, comprising an mCTR nucleic acid sequence selected from 
those described above, into cells of a plant under conditions effective to yield 
transformed plant cells, selecting for transformed plant cells and growing the selected 
piant cells to produce a transgenic plant line, the seedlings o, which exhibit a modulated 
30 triple response to ethylene. 

These and other objects and features of the invention will be more fully 
appreciated when the following detailed description of the invention is read in 
conjunction with the accompanying drawings. 



25 



Attorney Docket No. 4257-0029.30 



10 



15 



Rrit»f Descri ption of t he Figures 

Figures 1 A and B dep,ct the 3286 nucleot.de sequence of the Cucum.s melo 

CTR1 homologue (mCTR) 

Figure 2 depicts the deduced ammo acid sequence for the Cucurrvs melo CTR1 

homologue (mCTR; 850 amino acids). 

Figure 3 shows the results of an assay for hypocotyl length as an indicator of the 
triple response in Arab.dop.s seedlings germinated on solid nutrient medium or on the 
same medium supplemented with 1 0OuM ACC. The hypocotyl length of at least 20 
seedlings per line was measured to the nearest mm. The mean hypocoty. length ( + SD) 
of untransformed Arab,dops,s (Col-0), the two ethylene response mutants (e.n 2 and 
Ctrl), and 5 independent transformation events for the P AG4224 and P AG4225 mCTR 
expression constructs is shown in the figure. 

Figure 4 is an image of an ethidium bromide stained gel showing the results of 
electrophoresis of DNA PCR products derived by amplification of genomic DNA taken 
from untransformed Arabidopsis seedlings (Col-0) or seedlings from Arabics lines 
transformed with the P AG4224 (4224AB, 4224C) and P AG4225 (4225X, 4225P1, 
4225P2 4225P3 4225P4 and 4225P5) construct. 

Figure 5 is an image of an ethidium bromide stained gel showing the results of 
electrophoresis of RT-PCR products derived by amplification of RNA taken from 
20 seedlings from Arab.dops.s lines transformed with the P AG4224 (4224AB) or pAG 4225 
(4225P, 4225R, 4225P2, 4225X) construct and untransformed Arabidopsis seedlings 
(COL-0), with primers specific for actin (A) or melon CTR (C). 

retailed Descri ption of the Invention 

25 I. Definitions 

The terms below, have the following meanings, unless otherwise indicated: 
As used herein, the term "polynucleotide" refers to a polymeric molecule hav.ng a 
backbone that supports bases capable of hydrogen bonding to typical polynucleot,des. 
where the polymer backbone presents the bases in a manner to permit such hydrogen 
30 bonding in a sequence specfic fashion between the polymeric molecule and a typed 

polynucleotide (e.g., s.ngle-stranded DNA). Such bases are typically inosine, adenine 
guanosine, cytosine, uracl and thymidine. Polymeric molecules include double and smgle 
stranded ribonucleic acds (RNA) and deoxyribonucleic acids (DNA), and may include 
polymers having backbone modifications such methylphosphonate linkages. 
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A nucleic acid may be double stranded, single stranded, or contain portions of 
both double stranded and single stranded sequence. The depiction of a single strand also 
defines the sequence of the other strand and thus also includes the complement of the 

sequence which is depicted. 
5 As used herein, the term "recombinant nucleic acid" refers to a nucleic acid, 

originally formed in vitro , in general, by the man.pulation of the nucleic acid using 
endonucleases, in a form not normally found in nature. 

As used herein, the terms "chimeric gene", "chimeric gene construct" and 
"chimeric nucleic acid construct" are used interchangeably and refer to recombinant 
10 nucleic acid sequences which comprise a DNA coding sequence and control sequences 
required for expression of the coding sequence in a plant cell. 

As used herein, the term "ethylene regulated", refers to regulation which is 
induced by changes in ethylene concentration in the plant. For example, promoter 
activity which occurs or primarily occurs, during later stages of fruit development and/or 
1 5 early stages of fruit ripening, is said to be ethylene regulated. 

As used herein, the term "ethylene response" refers to a biochemical, 
physiological, molecular or morphological effect of ethylene. Morphological changes 
include the triple response in seedlings and a compact stature in adult plants. 
Physiological responses to ethylene include, but are not limited to a delay in 
20 senescence and fruit ripening or alterations in ethylene-related defense and stress 

responses. Biochemical changes include, but are not limited to autocatalytic alterations 
in ethylene production. Molecular responses include, but are not limited to an alteration 
in the expression of ethylene-induced genes such as those encoding chitinase B and 
ERF1 , or in the activity of ethylene-associated promoters such as E8 and E4 from 
25 tomato. 

As used herein, the term "ethylene perception pathway" refers to the biochemical 
or genetic components involved in the ethylene signal transduction pathway leading to 

an ethylene response in plants. 

As used herein, the term "modified ethylene response phenotype" refers to a 
30 modification made to an ethylene response as a result of the genetic manipulation of a 
plant or plant cell. 

As used herein, the term "transgene", refers to a non-native nucleic acid 
sequence, usually encoding a polypeptide, introduced into a host genome using 
recombinant DNA techniques. 
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As used herein, the term "regulable promoter" refers to any promoter whose 
act.v,ty is affected by specific environmental or developmental conditions (e.g., a tomato 
E4 or E8 promoter). 

As used herein, the term "constitutive promoter" refers to any promoter that directs 
5 RNA production in many or all tissues of a plant transformant at most or all times. 

As used herein, the term "tissue-associated promoter" refers to any promoter 
which directs RNA synthesis at higher levels in particular types of cells and tissues, e.g., 
an apple fruit-associated promoter directs RNA synthesis at higher levels in apple fruit, 
relative to expression levels in apple leaves. 
10 As used herein, the terms "promoter" or "promoter segment" refer to a sequence 

of DNA that functions in a promoter disclosed herein to direct transcription of a 
downstream gene. The promoter will generally be appropriate to the host cell in which 
the target gene is being expressed. The promoter together with other transcriptional 
and translational regulatory nucleic acid sequences (also termed "control sequences") 
15 are necessary to express a given gene. In general, the transcriptional and translat.onal 
regulatory sequences include, but are not limited to, promoter sequences, ribosomal 
binding sites, transcriptional start and stop sequences, translational start and stop 
sequences, and enhancer or activator sequences. 

A nucleic acid coding sequence is "heterologous" with respect to a control 
20 sequence (i.e. promoter or enhancer) when the control sequence does not function in 
nature to regulate the same gene the expression of which it is currently regulating. 
Generally, heterologous nucleic acid constructs are introduced into the cell or part of the 
genome in which they are present, and have been added to the cell, by transfection, 
microinjection, electroporation, or the like. Although the control sequence or the nucleic 
25 acid coding sequence may be found in nature, the sequences represent a control 

sequence/coding sequence combination that is different from a control sequence/coding 
sequence combination found in the native plant. 

As used herein, the term "operably linked" relative to a nucleic acid component 
of a chimeric or heterologous nucleic acid construct or vector means the nucleic acid 
30 component is in a functional relationship with another nucleic acid sequence. For 

example, a promoter or enhancer is operably linked to a coding sequence if it affects the 
transcription of the sequence; or a ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to facilitate translation. Generally, "operably linked" 
means that the DNA sequences being linked are contiguous, and, in the case of a 
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secretory leader, contiguous and in read,ng phase. However, enhancers do not have to 
be contiguous. 

As used herein, the term "p.asm.d" refers to a circular double-stranded (ds) DNA 
construct used as a cloning vector, and which forms an extrachromosomal self- 
replicating genetic element in many bacteria and some eukaryotes. 

As used herein, the term "vector" refers to a nucleic acid construct designed for 
transfer between different host cells. An "expression vector" refers to a vector that has 
the ability to incorporate and express heterologous DNA fragments in a fore.gn cell. 
Many prokaryotic and eukaryotic expression vectors are commercially available. 
Selection of appropriate expression vectors is within the knowledge of those havng sk.ll 
in the art. 

As used herein, the term "gene" means the segment of DNA involved .n 
producing a polypeptide chain, which may or may not include regions preceding and 
following the coding region, e.g. 5' untranslated (5' UTR) or "leader" sequences and 3' 
UTR or "trailer" sequences, as well as intervening sequences (introns) between 
individual coding segments (exons). The term "gene", may be used interchangeably 
herein with the term "nucleic acid coding sequence", and the term "structural gene" 
which means a DNA coding region. 

As used herein, the term "mCTR coding sequence" refers to a nucleic acid 
sequence (DNA, or RNA) which encodes a melon mCTR gene product that functions ,n 
the ethylene response pathway in plants. Such an mCTR coding sequence may be the 
full length coding sequence or a fragment, variant or modified (e.g., epitope-tagged) 
form thereof, where the sequence encodes an mCTR gene product that exh.bits an 
activity of a constitutive triple response (CTR) protein. 

Amino acid residues are referred to herein by their standard single letter 
notations: A, alanine; C, cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; 
G glycine H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N, asparag.ne; 
P,' proline; Q, glutamine; R, arg.nine; S, serine; T, threonine; V, valine; W, tryptophan; Y, 
tyrosine. 

The term "polypeptide" as used herein refers to a compound made up of a single 
chain of amino acid residues l.nked by peptide bonds. The term "protein" as used 
herein may be synonymous with the term "polypeptide" or may refer, in addition, to a 
complex of two or more polypeptides. In the context of the present invention, a "protem 
complex" refers to multiple copies of the same protein or protein fragment that b.nd to a 
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single ribonucleotide fragment. Generally, but not always, polypeptides and proteins 
are formed predominantly of naturally occurring amino acids. 

As used herein, the term "sequence identity" means nucleic acid or amino acid 
sequence identity in two or more aligned sequences, aligned using a sequence 
5 alignment program. Sequence searches are preferably carried out using the BLASTN 
program when evaluating the of a given nucleic acid sequence relative to nucleic acd 
sequences in the GenBank DNA Sequences and other public databases. The BLASTX 
program is preferred for searching nucleic acid sequences which have been translated 
in all reading frames against ammo acid sequences in the GenBank Protein Sequences 
10 and other public databases. Both BLASTN and BLASTX are run using default 

parameters of an open gap penalty of 11.0, and an extended gap penalty of 1.0, and 
utilize the BLOSUM-62 matrix. (Altschul ef a/., 1997) 

The term "% homology" is used interchangeably herein with the term "% identity" 
herein and refers to the level of identity between two sequences, i.e. 80% homology 
1 5 means the same thing as 80% sequence identity as determined by a defined algorithm, 
and accordingly a homologue of a given sequence has at least about 85%, 90% or 
greater sequence identity over a length of the given sequence. 

A preferred alignment of selected sequences in order to determine "% identity" 
between two or more sequences, is performed using the CLUSTAL-W program in 
20 MacVector version 6.5, operated with default parameters, including an open gap penalty 
of 10 0 an extended gap penalty of 0.1 , and a BLOSUM 30 similarity matrix. 

A nucleic acid sequence is considered to be "selectively hybridizable" to a 
reference nucleic acid sequence if the two sequences specifically hybridize to one 
another under moderate to high stringency hybridization and wash conditions. 
25 Exemplary conditions include hybridization conducted as described in the Bio-Rad Labs 
ZetaProbe manual (Bio-Rad Labs, Hercules, CA), expressly incorporated by reference 
herein. For example, hybridization is conducted in 1 mM EDTA, 0.25 M Na 2 HP0 4 and 
7% SDS at 60° C, followed by washing in 1 mM EDTA, 40 mM NaPO,, 5% SDS, and 1 
mM EDTA, 40 mM NaP0 4 , 1% SDS. Hybridization conditions are further recited in 
30 Ausubel FM ef a/., 1993, expressly incorporated by reference herein. 

As used herein, the term "expression" refers to the process by which a 
polypeptide is produced based on the nucleic acid sequence of a gene. The process 
generally refers to both transcription and translation. 

As used herein, the terms "transformed", "stably transformed" or "transgenic" 
35 with reference to a plant cell means the plant cell has a non-native (heterologous) 
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nucleic acid sequence integrated into its genome which is maintained through two or 
more generations. 

Generally a "variant" polynucleotide sequence encodes a 'Variant" amino acid 
sequence which is altered by one or more ammo acids from the reference polypeptide 

5 sequence. The variant polynucleotide sequence may encode a variant amino ac.d 
sequence having "conservative" or "non-conservat,ve" substitutions. Variant 
polynucleotides may also encode variant am.no acd sequences having ammo acd 
insertions or deletions, or both. Variant mCTR coding sequences that encode a gene 
product which exhibits the activity of a constitutive triple response (CTR) protein are 

1 o within the scope of the present invention, with the activity of a constitutive triple 

response (CTR) protein 

As used herein, the term "modulate" refers to a change in biological activity. 
Modulation may relate to an increase or a decrease in biological activity, binding 
characteristics, or any other biological, functional, or immunological property of the 
15 molecule. 

As used herein, a "plant cell" refers to any cell derived from a plant, including 
undifferentiated tissue (e.g., callus) as well as plant seeds, pollen, progagules and 
embryos. 

As used herein, the term "mature plant" refers to a fully differentiated plant. 
As used herein, the terms "native" and "wild-type" relative to a given plant trait or 
phenotype refers to the form in which that trait or phenotype is found in the same variety 
of plant in nature. 
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II Fth ylene Re g ulation in Plants 

The present invention is directed to blocking or delaying undesirable ethylene- 
mediated responses including fruit ripening, flower senescence and abscission. 

It been observed that genes which encode a number of proteins typically 
induced by pathogens can be transcriptionally activated by ethylene and their 
expression blocked by inhibitors of ethylene biosynthesis. 

The ethylene biosynthetic pathway includes an ethylene biosynthesis and an 
ethylene autoregulatory or feedback component. In the biosynthetic pathway leading to 
ethylene methionine is converted to ethylene with S-adenosylmethionine (SAM) and 1- 
aminocyclopropane-1-carboxylic acid (ACC) as intermediates. These two reasons are 
catalyzed by ACC synthase and ethylene-forming enzyme (EFE), respectively. 
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An enzyme encoded by the E. coli bacteriophage T3 hydrolyzes AdoMet to 
homoserine and 5'-methylth,oadenos,ne (MTA). The enzyme is known as AdoMet 
hydrolase (AdoMetase), or as S-adenosylmethion,ne cleaving enzyme (SAMase) 
(Studierera/., 1976; Hughes et al., 1987a; Hughes et al., 1987b). Other 
5 bacteriophages that encode the AdoMetase or SAMase genes are coliphage BA1 4, 
Klebsiella phage K11, and Serratia phage IV (Mertens et al. 1983). 

There are numerous examples of blocking ethylene production as a means to 
modify the effects of ethylene on fruits, vegetables and flowers. For example, inhibitors 
of ethylene biosynthesis such as AVG and silver thiosulfate (STS) have been commonly 
1 o used as research tools to study ethylene-mediated responses in plants and pract.ca.ly 
as anti-sensecence preservatives for cut flowers. However, their toxicity makes them 
unattractive for use with edible plant tissues. A novel compound, 1 ,1-dimethyl-4- 
(phenylsulfonyl) semicarbaz,de (DPSS), has a similar ethylene b.ocking action and has 
been suggested as a less toxic alternative (Satoh et al. 1999). 
! 5 Compounds that block ethylene perception are valuable research tools and may 

be effective at reducing the detrimental effects of ethylene, especially dunng post- 
harvest storage of fruits and vegetab.es. Diazocyclopentad.ene (DACP) is structurally 
related to cyclopentadiene, an effective blocking agent (antagonist) for ethylene bmd.ng 
to the receptor (Sisler ef al. 1993). DACP interacts with the ethylene receptor and can 
20 be "permanently" bound under low illumination to inactivate most physiological activity of 
ethylene 2 5-Norbornadiene (2,5-NBD) is also an ethylene antagonist, but ,ts act.on 
requires continuous exposure. 1-Methylcyc.opropene (1-MCP) is another effective 
ethylene antagonist with the advantage that a single exposure results in a long-lasting 

inhibitory effect (Sisler et al., 1 999). 

25 The ethylene response pathway has been studied genetically in Arabidops.s by 

screening for mutants impaired in typical ethylene responses. The response of a normal 
dark-grown seedlings to ethylene to the production or administration of ethy.ene, has 
been designated the "triple response". At the seedling stage, the triple response ,s often 
used as an indicator of ethy.ene response, name.y a radial swelling of the hypocotyl, 

30 exaggeration of the apical hook, and inhibition of root and hypocotyl elongation ,n the 
dark (See eg Solano ef a/., 1998; and Woeste ef a/., 1998.) In the continuous 
presence of ethylene, adult plants also show a typical ethylene response phenotype, 
inc.ud.ng a compact morphology and constitutive expression of ethylene-induced genes 
such as chitinase B Screens for ethylene perception alterations may be devised to 
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identify mutants that are e,ther insensitive to ethylene or that show a constrtut.ve 
ethylene response even in the absence of the hormone. 

Components of the ethylene perception pathway were first identified as ethylene 
response mutants in Arabidopsis (reviewed in K.eber, 1997; Bleecker et al, 1996). In 
5 Arabidopsis, the ethylene receptor is a member of an extended gene family which 
includes ETR1 ERS1, ERS2, ETR2, and EIN4 (Hua ef a/., 1998). Detailed genetic 
studies have revealed that the ethylene receptor family negatively regulates ethylene 
responses (Hua et al.. 1998). Other ethylene insensitive Arabidopsis mutants which 
have been identified include, einl and ein3, and both corresponding genes have been 
, 0 shown to be positive regulators of the ethylene response pathway. The overexpress.on 
of positive regulators of the ethylene response pathway such as EIN2 and EIN3 has 
been shown to lead to a constitutive ethylene response phenotype. EIN2 has been 
isolated and shown to act downstream of CTRL EIN2 encodes an integral membrane 
protein that functions in both ethylene perception and stress responses (Alonso et al. , 
15 1999) Overexpression of the full-length EIN2 protein or N-terminal region does not 

result in a constitutive ethylene response, but expression of the C-terminal domain alone 
was shown to result in a CTRU\ke phenotype. It has been demonstrated that E//V3 
encodes a nuclear-localized protein, and that overexpression of EIN3 also confers 
constitutive ethylene responses (Chao et al., 1997). 
20 Mutants that show a constitutive ethylene response include those that 

overproduce ethy.ene (efol , eto2, efo3; Woeste et a/., 1999) or constitutively activate 
the ethylene response pathway, such as cfrl from Arabidopsis. Because the cfrt null 
mutant has been observed to exhibit a constitutive ethylene response even .n the 
absence of ethylene, CTR1 has been implicated as a negative regulator of ethylene 
25 perception (Kieber ef al. 1993; Kieber, 1997). The deduced amino acid sequence of the 
wild-type CTR1 from Arabidopsis shares homology with the Raf family of Ser/Thr 
kinases. Kinase activity has been demonstrated for CTR1 and is believed to be 

required for its activity in vivo . 

The constitutive triple response gene (CTR1) from Arabidopsis is the subject of 
30 US Patent Nos. 5, 367,065; 5,444,166 and 5,602,322. Following isolation of the gene 
encoding CTR1 from Arabidopsis (GenBank Accession No. L08789), other CTR1 -like 
homologues have been identified. A full-length cDNA sequence of a CTR1 homo.ogue 
from tomato has been reported (Wang ef a/.. 1997; GenBank Accession No. Y13272), 
as well as CTR1 -like fragments from large-scale EST analyses of immature nee seed 
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(GenBank Accession No. AA752333) and mature sugarcane stalk (GenBank Access,on 
No. AA644724). 

The full length CTR1 cDNA sequences from Arabidopsis and tomato are each 
approximately 3kb in length and show some homo.ogy at regions throughout the 
5 sequence, but especially at the 5' end 3' ends, the latter of which encodes the kinase 
domain Based on its deduced amino acid sequence, mCTR is a protein w.th two 
functional domains. The C-term,nal domain shares significant sequence similarity to 
protein kinases, while the N-termina. domain may function to regulate the kinase activity 
of the protein. The regulatory role of the N-terminal doma.n has not been characterized. 
10 Multiple mutant analysis has suggested that CTR1 acts downstream of the 

ethy.ene rece P tor(s) and interacts with both ETR1 and ERS1 (Clark et a/., 1998; Chang 
ef a/ 1999) While the mechanism is not part of the discovery, it has been shown via 
yeast two-hybrid assays that CTR1 interacts directly with the ethylene receptor. The ,n 
vitro interaction occurs between the N-terminal "regulatory" domain of CTR1 and the C- 
15 terminal histidine kinase domain of both ETR1 and ERS. In the absence of ethy.ene, 
the interaction between CTR1 and the ethylene receptor(s) is thought to activate CTR1 
and repress ethy.ene responses. Ethylene binding to the receptors inhibits the.r 
signaling/activation of CTR1 and the ethylene response is de-repressed (Hua et a.., 
1 998) A similar model of ethylene receptor action has also been proposed for tomato 
20 (Tieman et a/., 2000). It has been postulated that ethylene binding to the receptor 
inactivates the kinase activity of CTR1 , wh,ch ultimately leads to changes in ethy.ene- 
regulated gene expression (Kieber, 1997). Therefore, overexpression of CTR1, either 
the full-length coding region or a fragment that includes the kinase region, may serve to 
render a plant insensitive to ethylene, if the overexpressed kinase remains active as a 
25 negative regu.ator of the ethylene signaling pathway. Alternatively, in the absence of th,s 
interaction the N-termina. region of CTR1 itself may serve to negatively regulate the 
activity of the CTR1 kinase domain. If this mode, is correct, the full-length CTR1 prote,n 
alone might be inactive in regulating the ethylene response pathway, and regulation may 
require independent expression of the kinase domain of CTR1 to obtain the desired 
30 activity. 

HI. Com positions and Method s nf the Invention 

A mCTR Nucleic Acid And A mino Acid Sequences 

The invention provides the nucleic acid sequence (SEQ ID NO:1) and deduced 
35 amino acid sequence (SEQ ID NO:2) for melon mCTR and a biologically active fragment 
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thereof By biologically act.ve fragment is meant a fragment of a mCTR nucle.c ac.d or 
protein which exhibits a biolog.ca, activity typically exh,b,ted by the corresponding full 
length mCTR nucleic acid or prote.n sequence in the ethylene response pathway ,n a 
plant eg negative regulation of ethylene perception. The biological activity may be of 
5 the same or different magn,.ude relative to the activity of a full-length mCTR nucleic add 
or protein. 

The mCTR nucleic acid sequence of the invention was isolated by performing 
the steps of (1) amplifying the 5' and 3' ends of a CTR1 homologue from a PCR- 
accessible cDNA library from ripe melon fruit using degenerate primers; (2) performing 5 

10 RACE PGR to obtain the response regulator region of the CTR1 homologue; (3) 
performing 3' RACE PCRto obtain the kinase domain of the CTR1 homologue; (4) using 
a specific primers from the RACE products to amplify an internal variable reg.on of the 
melon CTR1 homologue; (5) ligatmg the 3 fragments together and inserting them .nto a 
cloning vector; and (6) adding an epitope tag to monitor expression. 

1 5 In one embodiment, the invention provides an isolated nucleic acid molecule 

comprising a nucleic acid sequence encoding a melon protein with the activity of a 
constitutive triple response (CTR) protein, wherein the nucleic acid sequence « selected 
from the following: 

(a) a nucleic acid sequence encoding a protein comprising the amino ac.d 

20 sequence of SEQ ID NO: 2; 

(b) a nucleic acid sequence that is SEQ ID NO. 1; 

(c) a nucleic acid sequence that is nucleotides A-3286 of SEQ ID NO:1 , wherein 
A is any one of nucleotides 1440-1444; 

(d) a nucleic acid sequence that has at least 85 to 90 or 95% sequence identity 

25 to the coding region of (a), (b) or (c); 

(e) a fragment of the nucleic acid sequence of (a), (b) or (c) wherein the 
fragment encodes a protein which has the activity of a constitutive triple response (CTR) 
protein; and 

(f) a nucleic acid sequence that is degenerate as a result of the genetic code to 
30 the nucleic acid sequence of (a), (b), (c), (d) or (e). 

In another embodiment, the invention provides a melon mCTR protein or 
polypeptide amino acid sequence which has at least about 85% and preferably greater 
than about 90% or 95% sequence identity to the ammo acid sequence presented as 
SEQ ID NO 2 In related embodiments, the invention provides the nucleotide sequence 
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encoding such a melon mCTR protein or polypeptide, a mCTR protein encoded by a 
nucleic acid sequence selected from the following: 

(a) the nucleic acid sequence presented as SEQ ID NO 1. 

(b) the nucleic acid sequence presented as nucleotides A-3286 of SEQ ID NO:1 , 
5 wherein A is any one of nucleotides 1440-1444; 

(c) a nucleic acid sequence that has at least 85 to 90 or 95% sequence identity 

to the coding region of (a) or (b); 

(d) a fragment of the nucleic acid sequence of (a) or (b) wherein the fragment 
encodes a protein which has the activity of a constitutive triple response (CTR) protein; 

10 and 

(e) a nucleic acid sequence that is degenerate as a result of the genetic code to 
the nucleic acid sequence of (a), (b), (c) or (d). 

In another related aspect, the invention provides polynucleotide sequences 
encoding a melon mCTR protein or polypeptide wherein the polynucleotide sequence 
has greater than about 90% or 95% sequence identity to the melon mCTR prote.n or 
polypeptide coding sequence presented as SEQ ID NO:1. 

In a further related aspect, a melon mCTR protein or polypeptide coding 
sequence of the invention will hybridize under moderate to h.gh stringency conditions to 
a sequence presented as SEQ ID NO:1 , or the complement thereof. 

The invention also provides vectors comprising a nucleic ac.d sequence 
encoding a melon mCTR protein or polypeptide (as described above), operably linked to 
regulatory elements effective for expression in a plant cell. 

A Basic BLASTN search of non-redundant nucleic acid sequence databases 
through NCBI was conducted on May 25, 2000 using the search capabilities of the NIH 
website with the nucleotide sequence presented in Figures 1A-1B (mCTR, a melon 
CTR1 homologue nucleic acid sequence). A Basic BLASTP search of non-redundant 
SwissProt sequences was also conducted on May 25, 2000 through NCBI using the 
search capabilities of the NIH website with the amino acid sequence presented ,n F.gure 
2 The results of the searches indicated that when compared to Arabidopsis CTR1 , the 
melon mCTR sequence is 58% identical at the nucleotide level and 62% identical at the 
amino acid level. When compared to tomato CTR1, the melon mCTR sequence ,s 57% 
identical at the nucleotide level and 58% identical at the ammo acid level. In add.tion, 
the melon sequence shows significant conservation in the putative kinase encoding 
region, suggesting that the cDNA is likely to encode a protein with kinase act.vity ,n 
35 melon. 



20 



25 



30 



16 



15 



Attorney Docket No. 4257-0029.30 

The Arabidops,s CTR1 kinase domain was identified as extending from ammo 
acid 551 to the end (821 ammo acids; Kieber et el, 1993). The kinase activity of this 
fragment has been confirmed in vitro (Huang ef a/., 2000). 

,n one aspect, the invention provides an ammo acid and nucleic acid sequence 
which includes the predicted kinase domain of the melon CTR homologue (the reg.on 
extending from amino acid 577 to 850 in the deduced amino acid sequence and 
nucleotide 1861 to 2682 in the melon CTR cDNA sequence, respectively). Th.s kinase 
region is 81% conserved between the melon and Arabidopsis sequence at the ammo 
acid level. 

The invention provides isolated nucleic acid sequences compris.ng a nucleic 
aod sequence which encodes or is complementary to a sequence which encodes a 
melon protein with the activity of a constitutive triple response (CTR) prote.n. The 
invention also provides the coding sequence for the mature mCTR polypeptide, a 
variant fragment or modified form thereof, as well as the coding sequence for the 
mature polypeptide or a fragment thereof in a reading frame with other coding 
sequences, such as those encoding a leader or secretory sequence, a pre-, pro-, or 

prepro- protein sequence. 

An mCTR polynucleotide can also include non-coding sequences, including for 
example but not limited to, non-coding 5' and 3' sequences, such as the transcribed, 
untranslated sequences, termination signals, ribosome binding sites, sequences that 
stabilize mRNA, introns, polyadenylation signals, and additional coding sequence that 
encodes additional amino acids. For example, a marker sequence can be included to 
facilitate the purification of the fused polypeptide. Polynucleotides of the present 
invention also include polynucleotides comprising a structural gene and the naturally 
25 associated sequences that control gene expression. 

in addition to the mCTR nucleic acid and corresponding polypeptide sequences 
described herein, it is contemplated that variants can be prepared, mCTR vanants can 
be prepared by introducing appropnate nucleotide changes into the mCTR nucleic aad 
sequence by synthesis of the desired mCTR polypeptide or by altering the expression 
30 level of the mCTR gene in plants Those skilled in the art will appreciate that am.no add 
changes may alter post-translational processing of the mCTR polypeptide, such as 
changing the number or pos,t,on of glycosylation sites or altering the membrane 

anchoring characteristics. 

In one aspect, preferred mCTR coding sequences include a polynucleot.de 
35 comprising a nucleic acid sequence which encodes or is complementary to a sequence 
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wh.ch encodes a mCTR polypept.de hav.ng at .east 70%, 75%, 80%, 85%, 90%, 95% or 
more sequence identity to the am.no ac.d sequence presented in Figure 2 (SEQ ID 
NO 2) using a sequence alignment program, as detailed herein. 

' Sequence variants also include nucle.c acid molecules that encode the same 
5 polypeptide as encoded by the mCTR polynucleotide sequence descr.bed here.n. Thus, 
where the cod.ng frame of an identified nucleic ac.d molecules is known, for examp.e by 
homology to known genes or by extension of the sequence, it is appreciated that as a 
result of the degeneracy of the genetic code, a number of coding sequences can be 
produced For example, the triplet CGT encodes the amino acid arginine. Arg.n.ne is 
0 alternatively encoded by CGA, CGC, CGG, AGA, and AGG. Therefore it is apprec.ated 
that such substitutions in the coding region fall within the sequence vanants that are 
covered by the present invention. Any and all of these sequence variants can be ufl.zed 
in the same way as described here.n for the identified mCTR parent sequence. 

It is further appreciated that such sequence variants may or may not select.vely 
1 5 hybridize to the parent sequence. This would be possible, for examp.e, when the 

sequence variant includes a different codon for each of the amino acids encoded by the 
parent nucleotide. Such variants are, nonetheless, specif.cal.y contemplated and 
encompassed by the present invention. In accordance with the present invents, also 
encompassed are sequences that at least 80% identical to such degeneracy-denved 

20 sequence variants. 

Although mCTR nucleotide sequence variants are preferably capable of 
hybrid,zing to the nucleotide sequences recited herein under conditions of moderately 
high or high stringency, there are, in some situations, advantages to using variants based 
on the degeneracy of the code, as described above. For example, codons may be 
25 selected to increase the rate at which expression of the peptide occurs in a part.cular 

prokaryotic or eukaryotic organism, in accordance with the opt.mum codon usage d.ctated 
by the particular host organism. Alternately, ,t may be desirable to produce RNA hav.ng 
longer half lives than the mRNA produced by the recited sequences. 

Variations in the native full-length mCTR nucleic acid sequence descr.bed 
herein may be made, for example, using any of the techniques and guidelines for 
conservative and non-conservative mutations, as generally known in the art, 
oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR 
mutagenesis. Site-directed mutagenesis (Kunkel et al., 1991); cassette mutagenes.s 
(Crameri et al 1995); restriction select.on mutagenesis (Haught et al., 1994), or other 
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known techniques can be performed on the cloned DNA to produce nuc.e,c acid 
sequences encoding mCTR variants. 

It is contemplated that the gene sequences associated with the mCTR 
phenotype may be synthesized, either completely or in part, especially where ,t ,. 
desirable to provide host-preferred sequences. Thus, all or a portion of the des.red 
structural gene (that portion of the gene which encodes the protein) may be synthesized 
using codons preferred by a selected host. Host-preferred codons may be determined, 
for example, from the codons used most frequently in the proteins expressed ,n a 

desired host species. . 
I, is preferred that an mCTR polynucleotide encodes an mCTR polypeptide that retains 
tripie response activity of the mature mCTR polypeptide encoded by the polynucleotide 

presented as SEQIDNO:1. 

Variants also include fragments of the mCTR polynucleotide of the invention 
which can be used to synthesize a full-length mCTR polynucleotide. Preferred 
embodiments include polynucleotides encoding polypeptide variants where.n 5 to 10, 1 
to 5 1 to 3 2 1 or no amino acid residues of a mCTR polypeptide sequence of the 
invention are substituted, added or de.eted, in any combination. Particularly preferred 
are substitutions, additions, and deletions that are silent such that they do not alter the 
properties or activities of the polynucleotide or polypeptide. 

A nucleotide sequence encoding a mCTR polypeptide can also be used to 
construct hybridization probes for mapping the gene which encodes a mCTR 
polypeptide and for further genetic analysis. Screening of a cDNA or genomic library 
w,th the selected probe may be conducted using standard procedures, such as 
described in Sambrook et al., 1989. Hybridization conditions, including moderate 
stringency and high stringency, are provided in Sambrook et al., supra. 

The probes or portions thereof may also be employed in PCR techniques to 
generate a pool of sequences for identification of closely related mCTR sequences. 
When mCTR sequences are intended for use as probes, a particular portion of an 
mCTR encoding sequence, for example a highly conserved portion of the coding 

30 sequence may be used. 

For example, an mCTR nucleotide sequence may be used as a hybr.d.zat.on 
probe for a cDNA library to isolate genes, for example, those encoding naturally- 
occurring variants of mCTR from other plant species, which have a desired level of 
sequence identity to the mCTR nucleotide sequence disclosed in Figures 1 A and B 

35 (SEQ ID NO D. Exemplary probes have a length of about 20 to about 50 bases. 
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As discussed above, nucleic acid sequences of this invention may .nclude 
genomic cDNA or mRNA sequence. By "encoding" is meant that the sequence 
corresponds to a particular ammo acid sequence either in a sense or ant,-sense 
orientation By "extrachromosomal" is meant that the sequence is outs.de of the plant 
genome of wh.ch it is naturally associated. By "recombinant" is meant that the 
sequence contains a genetically engineered modification through manipulation v.a 
mutagenesis, restriction enzymes, and the like. 

Once the desired form of a mCTR nucleic acid sequence, homologue, variant or 
fragment thereof, is obtained, it may be modified in a variety of ways. Where the 
sequence involves non-coding flanking regions, the flanking regions may be subjected 
to resection, mutagenesis, etc. Thus, transitions, transversions, deletions, and 
insertions may be performed on the naturally occurring sequence. 

With or without such modification, the desired form of the mCTR nucle,c ac.d 
sequence, homologue, variant or fragment thereof, may be incorporated into a plant 
1 5 expression vector for transformation of plant cells. 

Fragments and variants of the mCTR polypeptide sequence of Figure 2 (SEQ ID 
NO-2) are also considered to be a part of the invention. A fragment is a variant 
polypeptide wh,ch has an amino acid sequence that is entirely the same as part but not 
all of the amino acid sequence of the previously described polypeptides. The fragments 
20 can be "free-standing" or comprised within a .arger polypeptide of which the fragment 
forms a part or a region, most preferably as a single continuous region. Preferred 
fragments are biologically active fragments which are those fragments that mediate 
activities of the polypeptides of the invention, including those with similar activity or 
improved activity or with a decreased activity. Also included are those fragments that 
25 antigenic or immunogenic in an animal, particularly a human. 

mCTR polypeptides of the invention also include polypeptides that vary from the 
mCTR polypeptide sequence of Figure 2 (SEQ ID NO:2). These variants may be 
substitutional insertional or de.etional variants. The variants typically exhibit the same 
qualitative b.olog.ca. activity as the naturally occurring analogue, although variants can 
also be selected wh,ch have modified characteristics as further described below 

A "substitution" results from the replacement of one or more nucleotides or ammo 
acids by different nucleotides or amino acids, respectively. 

An "insertion" or "addition" is that change in a nucleotide or ammo acid sequence 
which has resulted in the addition of one or more nucleotides or amino acid residues, 
35 respectively, as compared to the naturally occurring sequence. 
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A "deletion" is defined as a change in either nucleot.de or ammo acid sequence in 
which one or more nucleotides or amino acd residues, respectively, are absent. 

Ammo acd substitutions are typically of s.ngle residues; insertions usually will be 
on the order of from about 1 to 20 amino acids, although considerably larger insertions 
5 may be tolerated. Deletions range from about 1 to about 20 residues, although m some 
cases deletions may be much larger. 

Substitutions, deletions, insertions or any combination thereof may be used to 
arrive at a final derivative. Generally these changes are done on a few amino acids to 
minimize the alteration of the molecule. However, .arger changes may be tolerated m 
10 certain circumstances. 

Ammo acid substitutions can be the result of replacing one amino acid w.th 
another amino acid having similar structural and/or chemical properties, such as the 
replacement of a leucine with a serine, i.e., conservative amino acid replacements. 
Insertions or deletions may optionally be in the range of 1 to 5 amino acids. 

Substitutions are generally made in accordance with known "conservative 
substitutions". A "conservative substitution" refers to the substitution of an amino acd ,n 
one class by an amino acid in the same class, where a class is defined by common 
physicochemical amino acid side chain properties and high substitution frequences in 
homologous proteins found in nature (as determined, e.g., by a standard Dayhoff 
frequency exchange matrix or BLOSUM matrix). (See generally, Doolittle, 1986.) 

A "non-conservative substitution" refers to the substitution of an amino acd m one 
class with an amino acid from another class. 

mCTR polypeptide variants typically exhibit the same qualitative biological act.v.ty 
as the naturally-occurring analogue, although variants also are se.ected to mod.fy the 
characteristics of the mCTR polypeptide, as needed. For example, glycosylate sites, 
and more particularly one or more O-linked or N-.inked glycosy.ation sites may be altered 
or removed Those skilled in the art will appreciate that amino acid changes may alter 
post-translational processes of the mCTR polypeptide, such as changing the number or 
position of glycosylate sites or altering the membrane anchoring character.st.cs. 

The variations can be made using methods known in the art such as 
oligonucleotide-mediated (site-directed) mutagenes.s, alanine scanning, and PCR 
mutagenesis. S.te-directed mutagenes.s [Carter ef a/.. 1986; Zo.ler et a,., 1987], cassette 
mutagenesis [Wells ef a/.. 1985], restriction select.on mutagenesis [Wells ef a/., 1986] or 
other known techniques can be performed on the cloned DNA to produce the mCTR 
35 polypeptide-encoding variant DNA. 
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Also included within the definition of mCTR polypeptides are other related mCTR 
polypeptides. Thus, probe or degenerate polymerase chain reaction (PCR) pnmer 
sequences may be used to find other related polypeptides. Useful probe or pnmer 
sequences may be designed to amplify all or part of the mCTR polypeptide sequence, or 
sequences outside the coding region. As is generally known in the art. preferred PCR 
primers are from about 15 to about 35 nucleotides in length, with from about 20 to about 
30 being preferred, and may contain inosine as needed. The conditions for the PCR 

reaction are generally known in the art. 

Covalent modifications of mCTR polypeptides are also included within the scope 
of this invention. For example, the invention provides mCTR polypeptides that are a 
mature protein and may comprise additional amino or carboxyl-termlnal amino acids, or 
amino acids within the mature polypeptide (for example, when the mature form of the 
protein has more than one polypeptide chain). Such sequences can, for example, play 
a role in the processing of a protein from a precursor to a mature form, allow proton 
transport shorten or lengthen protein half-life, or facilitate manipulation of the protein in 
assays or production. It is contemplated that cellular enzymes can be used to remove 
any additional amino acids from the mature protein. [See, e.g., . Creighton. TE, 1983], 

Proteins can be epitope-tagged by fusing a short antigenic peptide sequence ,n- 
frame with the coding sequence of the gene of interest. Epitope tags can be fused to 
the amino- or carboxy-terminus or internally. An epitope tag allows the detection of the 
protein fusion with a standard commercial antibody and eliminates the need to generate 
an antiserum specific to the gene product o, interest. In this case, the FLAG® antigenic 
peptide (DYKDDDDK; Hopp et a/., 1988) was fused to the C-terminus of the melon 
mCTR coding sequence, immediately upstream of the deduced stop codon. Ant,- 
FLAG® monoclonal antibody M2 is used as a primary antibody to immunodetect the 
tagged protein fusion, and will recognize a FLAG®-tagged fusion protein independent of 
the intramolecular location of the tag and does no. require calcium ions for binding. An 
anti- FLAG® M2 antibody is commercially available (Stratagene, Sigma or BabCO). 
FLAG and Anti-FLAG are registered trademarks of Sigma-Aldrich, Inc. 

The invention provides a heterologous nucleic acid construct which includes a 
coding sequence tha, corresponds to nucleotides 1442 to 3286 of the melon CTR cDNA 
sequence presented as SEQ ID NO:1 ). This corresponds to a region that includes the 
putative kinase domain, but does not include the N-terminal region that has been 
implicated in binding to the ethylene receptor (Clark ef a/., 1998). 
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In one approach to generating mCTR-express,ng transgenic plants, a 
heterologous nucleic ac.d construct, e.g., a binary Agrobactenum vector construct 
containing a selectable marker gene was prepared and the mCTR coding sequence 
expressed under the control of a CsVMV promoter. Plant cells were transformed w.th 
the construct and plants regenerated from the transformed plant cells. Example 2 
provides the details of a study where Arabidopsis plants were transformed with 
heterologous nucleic acid constructs comprising the mCTR coding sequence presented 
as SEQ ID NO:1 or SEQ ID NO:2. The regenerated transgenic plants were observed 
and/or analyzed and the results showed a modified ethylene response. (See Example 
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The present invention also provides a method for interfering with the ethylene 
response pathway in a plant. The method is carried out by expressing the nucleic acid 
sequence which encodes mCTR, or a fragment that includes the kinase domain, 
resulting in negative regulation of the ethylene response or perception pathway in the 
1 5 plant In a related aspect, the invention provides a method for producing a plant with a 
modified ethylene response, wherein the plant expresses mCTR or a biologically active 
fragment thereof, e.g., the kinase domain. 

B Vectors for Expression of m CTR Nucleic Acids in Plants 
20 The present invention provides vectors suitable for the transformation of plants. 

The vectors, chimeric genes and DNA constructs of the present invention are useful for 
the expression of the full-length melon mCTR coding sequence or fragments thereof. 
Transgenic plants, transgenic plant cells and transgenic fruit, carrying the chimeric 
genes of the present invention, exhibit a modified ethylene response. 
25 The construction of vectors for use in practicing the present invention are 

generally known to those of skill in the art. (See generally, Mandates, et a/., Molecular 
Cloning: A Laboratory Manual, 2d Edition (1989), and Ausubel, FEM., et a/., Eds.. 
Current PROTOCOLS in Molecular Biology, John Wiley & Sons, Inc., Copyright 
(c)1987, 1988, 1989, 1990, 1993 by Current Protocols; Elvin, S. B„ Schilperoort, R. A., 
30 Varma, D. P. S., eds. Plant Molecular Biology Manual (1990), all three of which are 
expressly incorporated by reference, herein. 

Binary Ti-based vector systems include plasmids containing at least one T-DNA 
border sequence (left, right or both), restriction endonuclease sites for the addition of 
one or more heterologous nucleic acid sequences [adjacent flanking T-DNA border 
35 sequenced, a heterologous nucleic acid sequence (i.e., the mCTR coding sequence 
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or a fragment thereof), operably linked to appropriate regulatory sequences and to the 
direct.onal T-DNA border sequences, a selectable marker wh,ch is functional in plant 
cells, a heterologous Ti-plasmid promoter, and an E. coli origin of replication. 

In one general application of the method, an Agrobacterium binary plant 
5 transformation vector is introduced into a disarmed strain of A. tumefaciens by 

electroporation (Nagel ef a/., 1990), followed by co-cultivation with plant cells, resulting 
in transfer of the heterologous nucleic acid sequence into plant cells. In general, co- 
cultivation is carried out for two or three days in the absence of feeder cells or a nurse 
culture. 

10 Standard Agrobacterium binary vectors are known to those of skill in the art and 

many are commercially available, an example of which is pBI121 (Clontech 
Laboratories, Palo Alto, CA), as further described, above. Preparation of Agrobacterium 
tumefaciens cultures is carried out using methods generally known in the art. 

Such expression vectors may have single or multiple transcription termination 
1 5 signals at the 3' end of the DNA sequence being expressed. The expression cassette 
may also include, for example, (i) a DNA sequence encoding a leader peptide (e.g., to 
allow secretion or vacuolar targeting), (ii) translation termination signals, (Hi) a selectable 
marker gene for use in plant cells, (iv) sequences that allow for selection and 
propagation in a secondary host, such as an origin of replication and a selectable 

20 marker sequence. 

Expression of a selectable marker gene permits selection of transformed plant 
cells containing the gene by rendering the cells resistant to an amount of an antibiotic 
that would be toxic to non-transformed plant cells. Exemplary selectable marker genes 
for use in practicing the present invention include the neomycin phosphotransferase 
25 (npfll) resistance gene, hygromycin phosphotransferase (hpt), bromoxynil-specific 

nitrilase (bxn), phosphinothncin acetyltransferase enzyme (BAR) and the spectinomycm 
resistance gene (spf), wherein the selective agent is kanamycin, hygromycin, genetic.n, 
the herbicide glufosinate-ammonium ("Basta") or spectinomycin, respectively. 

Typical secondary hosts include bacteria and yeast. In one embodiment, the 
30 secondary host is Escherich,a coli, the origin of replication is a coO-type, and the 
selectable marker is a gene encoding ampicillin resistance. Origin of replication and 
selectable marker sequences operative in secondary hosts are well known in the art and 
many are commercially available (e.g., Clontech, Palo Alto, CA; Stratagene, La Jolla, 
CA). 
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,n another embodiment, the methods of the invention are earned out us,ng a 
vector carrying the kanamycin resistance gene 

in yet another embodiment, the methods of the invention are carried out using a 
vector that includes the bar gene from Streptomyces, which encodes phosph.no.hnan 
5 acetyl transferase (PAT), that inactivates the active ingredient in the herbicide 

bialaphos, phosphinothricin (PPT) PPT inhibit, glutamine synthetase, causing rapid 
accumulation of ammonia and ceii death. Transgenic plants containing this gene exhibit 
tolerance to the herbicide. "BASTA" This gene can also be used as a selectable 
marker gene, since explants carrying the oar gene are capable of growing on selective 
10 media containing phosphinothricin (PPT), which is an active component of bialaphos. 

in further embodiments, the methods of the invention are carried out us.ng a 
vector which includes an herbicide resistance gene, conferring resistance to glyphosate- 
containing herbicides. Glyphosate refers to N-phos P honomethyl glycine, in either its 
acidic or anionic forms. Herbicides containing this active ingredient include 
1 5 "ROUNDUP" and "GLEAN". Exemplary genes for imparting glyphosate resistance 

include an EPSP synthase gene (5-enolpyruvyl-3-phosphosshikimate synthase) or an 

acetolactate synthase gene. 

The particular marker gene employed is one which allows for selection of 
transformed cells as compared to cells lacking the DNA which has been introduced. 
20 Preferably, the selectable marker gene is one which facilitates selection at the tissue 

culture stage of the functional gene discovery system, e.g., a kanamyacin, hygromyen or 

ampicillin resistance gene. 

The selection of an appropriate promoter effective to express the selectable 
marker-encoding sequence and the termination element for the selectable marker- 
25 encoding sequence may be accomplished by the use of well known, and/or 
commercially available sequences. 

One exemplary binary vector construct for over-expression of the melon mCTR 
homologue in transgenic plants includes the melon mCTR cDNA fused to a constitutive 
promoter from cassava vein mosaic virus (Verdaguer era,., 1996), a nos 3" termination 
30 sequence from Agro^um tumefac.ens (Depicker et a/., 1982), a selection cassette 
composed of the n P W gene conferring kanamycin resistance under the transcriptional 
control of a constitutive promoter (e.g., the raspberry E4 promoter "RE4"; U.S. Pat. Nos. 
5 783 393 and 5,783,394) and the Agrobacterium tumefeciens gene 7 termination 
sequence within the T-DNA borders (Beck et a,.. 1982; Vei.en * a/., 1985). Exemplary 
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vectors indu* .he pGPTV binary vector (Becker a,., 1992) and the pPZP200 b.nary 
vector (Hajdukiewicz ef al., 1994). 

Exemplary promoters effective to express mCTR or a fragment thereof include 
const,tu.,ve, inducible, tissue-associated and/or an ethylene responsive promoters. 
5 constrtutrve promoters such as the raspberry E4 promoter (RE4, U.S. Pat Nos. 

5 783 393 and 5.783,394). the 35S CaMV promoter or the CsVMV promoter (Cassava 
Vein Mosaic Virus promoter, Verdaguer et al. , 1998); fruit-associated promoters 
selected from the group consisting of a cherry 29 (CH29) promoter (Fils-Lycaon « al 
1996). an mf60 promoter (Yamada ef a/., 1999); a Thi::actin, aThi 1.3;;intron (described 
10 in co-owned 09/560,419, expressly incorporated by reference herein), a dm 1.3 

promoter (described in co-owned US Pat No 5,783,394. expressly incorporated by 
reference herein), a MADS2 promoter, a fuji Thi 1 .3 and a Thi 1 .0 fruit-associated 
promoter (described in co-owned USSN 60/132.124, expressly incorporated by 
reference herein); melon fruit-associated promoters (described ,n USSN 60/190,414 
15 expressly incorporated by reference herein) including a cmAC01/T E 4 promoter, a MEL7 
promoter, a MEL2 promoter, a 6E promoter and a 2F promoter; and ethylene inducble 
promoters such as an E8 promoter, an E4 promoter (Deikman, et al. , 1 992; Xu et al. 
1996 Deikman ef a/., 1988) and an E8;;E4 promoter may be used (described ,n co- 
owned USSN 09/157,077, expressly incorporated by reference herein; Clendennen ef 
20 a/ 1 999) a banana TRX promoter, TRX fusion promoter and a banana PEL promoter 
(described in co-owned USSN 09/527,972, expressly incorporated by reference herein). 

Further the invention includes a method for producing a transgenic plant, where 
fruit vegetable or flowers produced by the plant have a modified ethylene response 
phenotype In this method a heterologous gene construct is introduced (e.g., by 
25 transformation) into progenitor cells of the plant. An exemplary heterologous gene 
construct is composed of (i) a DNA sequence encoding mCTR or a fragment thereof, 
operably linked to; (ii) a promoter effective to express the mCTR coding sequence or 
fragment thereof in plant cells. The mCTR DNA sequence is heterologous to the 
promoter and the chimeric gene contains the appropriate regulatory elements necessary 
30 for expression in a plant cell. Transformed progenitors are grown to produce a 

transgenic plant. The method further includes transforming plant cells with a vector 
conta.ning a selectable marker and an mCTR coding sequence. (See Example 2.) 
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C Transforma tion of Plant Cells 

The invention provides, plants derived from cells transformed with a vector 
comprising an mCTR coding sequence. Such transformed plants have a modulated 
response to ethylene. In a preferred embodiment, the expression of a modified mCTR 
5 nucleic acd confers a phenotype on the plant characterized by a decrease ,n the 

response to ethylene as compared to a corresponding non-transformed plant. Thus, for 
example when the modified mCTR nucleic acid is expressed in fruit such as tomato, the 
fruit ripening process is retarded thereby reducing spoilage and extending the shelf life 
and/or harvesting season for the fruit. The invention finds further utility in preventing 
1 0 spoilage of vegetative tissue and in enhancing the longevity of cut flowers. 

A chimeric gene (heterologous nucleic acid construct) containing an mCTR 
coding sequence may be transferred into plant cells by any of a number of plant 
transformation methodologies, including Agrobacterium -based methods [Ran.er ef a/., 
1990 (rice)' McCormick et al., 1986 (tomato); Norelli etal., 1996 (apple)], 
15 electroporation, microinjection, and microprojectile bombardment. (See, e.g., Coma, et 
al 1993- Klein et at., 1988; Miki et at. 1987; Bellini ef a/., 1989). 

In one approach, the heterologous nucleic acid construct is introduced into a 
plant by way of a T-DNA-less Ti plasmid carried by Agrobacterium tumefaciens, 
followed by co-cultivation of A. tumefaciens with the plant cells. In such cases, vectors 
20 for use in the invention contain a selectable marker gene, T-DNA border regions from 
Agrobacterium tumefaciens, an mCTR coding sequence and additional elements 
necessary for expression in plant cells. Exemplary Agrobacterium transformat.on 
vectors are commercially available, e.g., from C.ontech (Palo Alto, CA) and further 

described by An ef al., 1985. 

25 Other suitable vectors may be constructed using a selected promoter together 

an mCTR coding sequence, a selectable marker encoding nucleic acid sequence under 
the control of a promoter and additional elements necessary for expression ,n plant cells 
in a standard plant transformation vector, many of which are available both 
commercially (e.g., Clontech, Palo Alto, CA) and from academic sources [e.g., Salk 

30 institute, Plant Biology Labs; Texas A & M University; Waksman Institute, Rutgers; The 
State University of New Jersey, Piscataway, NJ]. 

In another approach, the heterologous nucleic acid construct is introduced into 
plant cells by way of microprojectile bombardment using micropartides loaded with DNA 
which are bombarded into the cells us.ng "gene gun" technology. (See. e.g.. Rob.nson 
35 et al 1997 ) When electroporation or microprojectile bombardment transformation 
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techniques are utilized, the transformation vector generally comprises the mCTR coding 
sequence and a selectable marker coding sequence and associated promoter together 
with additional elements necessary for expression in plant cells. 

Transformed plant cells are obtained as a result of introduction of such a 
heterologous nucle.c acid construct into plant progenitor or explant cells. The plant cells 
are cultured in medium containing the appropriate selection agent to select for and 
identify plant cells which are transformed. After transformed plant cells are selected, 
whole plants are regenerated from the transgenic plant cells. Techniques for 

regenerating whole plants from transformed plant cells are generally known m the art. 
Preferred plants suitable for transformation using the heterologous nucleic ac.d 

constructs described herein and for expression of an mCTR coding sequence include, 

but are not limited to, apple; tomato, pineapple; grape; raspberry; strawberry; k,w, fruit; 

avocado; melon; mango; papaya; peach; pear; cherry; citrus; date palm; plantain; 

soybean- cotton; alfalfa; oilseed rape; flax; sugar beet; sunflower; potato; tobacco, 

maize- wheat; rice; nuts; vegetables including broccoli, cauliflower, squash and lettuce; 

and flowers, including cut flowers such as carnation, iris, rose, daisy, lily, snapdragon 

and petunia, etc. 

Particularly preferred plants for the expression of mCTR or the kinase doma.n 
thereof include, but are not limited to, tomato, lettuce, melon and other crops where a 
reduction in the ethylene response and a corresponding reduction or el,minat,on ,n the 
undesirable physiological effects of post harvest ethylene exposure are desirable. 

,n one exemplary embodiment, cotyledon explants of a commercial cantaloupe 
variety (Cucumis Mela, Muskmelon) are transformed according to known methods 
(Fang ef a/ 1990; Valles et a/., 1994; Dong et a/., 1991; Gonsalves ef a/., 1994; 
Yoshioka et a/., 1992; Ayub et a/., 1996), using a disarmed Agrobacterium stra.n to 
introduce a binary vector into plants. The disarmed Agrobacterium strain ,s co- 
cultivated with melon cotyledon tissue explants, and primary transformants are selected 
on the basis of their capacity to regenerate and develop roots on media containing the 

antibiotic, kanamycin. 

In other exemplary embodiments, Agrobacterium transformation methods as 
previously described for banana, rice, tomato and apple are used to transform plant 
cells using a promoter selected from those described above. [See, e.g., Sag, ef a/., 
1995 (banana); Ranier ef a/., 1990 (rice); McCormick et al. , 1986 (tomato); and Nore.l. ef 
a/., 1996 (apple).] 
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In one aspect, a heterologous nucleic acid construct containing an mCTR coding 
sequence is used to develop transgenic plants which exhibit a modulated ethylene 
response resulting in an altered ripening phenotype and delayed senescence of 
transgenic fruit, vegetables or flowers produced by the plants. 

A modified ethylene response phenotype refers to an alteration ,n the rate of 
ripening- characterized by an increased ripening time course or prolonged ripening and 
delayed senescence as observed for fruit or vegetables derived from an mCTR- 
expressing transgenic plant relative to fruit or vegetables derived from a correspond^ 
non-transgenic plant. In cut flowers, a modified ethylene response phenotype .s 
evidenced by delayed leaf and petal abscission and browning, together with reduced or 
delayed stem wilting. 

IV Evaluation r>f Transformants 

In accordance with the claimed invention, a plant which has a decreased 
response to ethylene ("an ethylene insensitive plant") may be analyzed using a number 
of approaches. In one approach, the plant is evaluated for a typical ethy.ene response 
when treated with a high concentration of ethylene. As defined herein, an ethy.ene 
insensitive plant is a transgenic plant that displays a response to ethylene wh.ch ,s 
decreased relative to the same type of plant of a similar age and grown under s.m.lar 
conditions that has not been transformed with a heterologous nucleic ac.d construct 
comprising an mCTR coding sequence. Transgenic plants may also be evaluated by 
DNA PCR and/or Southern blot to determine if the mCTR transgene has been 
incorporated in the plant genome; for the expression of the transgene by Northern Blot 
and/or RT-PCR; and for mCTR protein expression by immunoassay or Western blot. 

A Fvaluation of Ethylene Reponses 

A typical ethylene response in wild type plants includes, for example, the so- 
called "triple response" which involves inhibition of root and stem elongation, radial 
swelling of the stem, and absence of normal geotropic response, e.g. diageotrop.sm 
(defined as "upward" elongation of the hypocoty./stem and "downward" elongation of 
roots) Thus for example, ethylene insensitive plants may be created in accordance 
with the present invention and identified as having an altered " triple response" to 
ethylene wherein the root and stem are elongated despite the presence of high 
concentrations of ethy.ene. The seedling ethylene triple response is characterized by 
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snort root, a short, thicK hypocotyl and a pronounced apical hook and may be 
quantitated by measurement of hypocotyl length 

Further a typical ethylene response includes a shut down or diminution of 
endogenous ethylene production, upon application o, h,gh concentrates of ethyiene. 
Hence, transgenic plants may also be screened for cont.nued ethylene production, 
despite administration of high concentrations of ethylene, as an indicator of ethylene 
insensitive Such screening may include screening for root or stem elongation and 
screening for increased ethylene production. 

Ethylene sensitive wild type plants experience an inhibition of root and stem 
elongation when an inhibitory amount of ethylene is administered. An inhibition of root 
and stem elongation means that the roots and stems grow less than they typically would 
without application of an inhibitory amount of ethylene. Ethylene sensitive w,ld type 
plants experience a shut down or diminution o, endogenous ethylene production, upon 
application of high concentrations of ethylene, tn ethylene insensitive piants such a shut 
down or diminution o, endogenous e.hytene production is not observed in response to 
administration of inhibitory amounts of ethylene. Generally, in carrying out ethylene 
sensitivity assays, wild type and transgenic plants are compared to one another As w,l, 
be understood by those of skill in the art, the absolute level of ethylene production will 
vary based on the type of plant, the growth conditions, etc. 

B nNA PCR and Southern Blot 

Transformation of each plant may be confirmed by carrying out a Southern blot 
analysis of genomic DNA. Typically, total DNA is isolated from each transformant (e.g., 
Schwarz-Sommerera,., 1992). The DNA is then digested with restriction enzyme, 
fractionated ,n an agarose ge, and transferred to ni,rooe,lu,ose filters (e.g., Hybond-N, 
Amersham) or nyion membranes, according to standard techniques. The blot ,s then 
orobed e g with "P-labeled mCTR cDNA. Procedures for restriction digestion, gel 
electrophoresis, Southern transfer and hybridization are as described by Maniatis * al. , 
1989 expressly incorporated by reference herein. 

' Transformation of each plant may also be confirmed by polymerase chain 
reaction (PCR) in a reaction mixture including the components necessary for 
amplification of specific nucleic acid sequences. K„s and reagents for carrying out PGR 
are commercially available, for examp,e. a Taqman™ probe and primer set available 
from Perkin Elmer Applied Biosystems. 
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,n one approach, DNA is extracted from various tissues of transgenic plants and 
analyzed for the presence of an mCTR coding sequence by polymerase chain reaction 
(PGR) us,ng procedures routinely employed by those of skill in the art. PCR .s earned 
out us,ng oligonucleotide primers specific to an mCTR coding sequence. Example 2 
describes the DNA PCR analysis of Arabidopsis lines transformed with heterologous 
nucleic acid constructs comprising mCTR coding sequences. (See also Figure 4.) 



C. Northern Blot 

RNA may be isolated from specific plant tissues and separated, e.g., in a 1 .2 h 
10 agarose gel containing 2.2M formaldehyde, then blotted to a nylon filter, e.g., Hybond-N, 
according to the standard procedures routinely used in the art. Strand specific RNA 
probes may be synthesized by phage T7 and T3 RNA polymerases from a cDNA Cone 
for mCTR This allows for a determination of the presence and an estimation of the 
amount of mRNA resulting from expression of mCTR in various tissue of the plant. 
1 5 Northern analysis may be carried out as described in Maniatis ef a/. , 1 989. 

D. RT-PCR 

RNA may also be extracted from various plant tissues, followed by reverse 
transcription of mRNA and amplification of partial cDNA sequences by reverse 
20 transcriptase-polymerase chain reaction (RT-PCR), using methods generally known ,n 
the art and reagents which commercially available (e.g., from Perkin Elmer App.ied 
Biosystems). 

Example 2 describes the RT-PCR analysis of Arabidopsis lines transformed with 
heterologous nucleic acd constructs comprising mCTR coding sequences. (See also 
25 Figure 5.) 

E Immunoassay or Western blot 

An ELISA Western blot or immunodotblot immunoassay may also be conducted 
on putative transformants to detect the presence of an mCTR protein, as generally 
30 described in Har.ow et a/.. 1988. Standard techniques for western blotting are known ,n 
the art e g , the protocol described in Click ef a/., 1993. 

' Given an antibody that is specifically immunoreactive with a mCTR protein or 
polypeptide, any of a number of different types of immunoassays may be employed by 
one of skill in the art to detect the presence of a mCTR protein in tissues of transgenic 
35 plants. 



31 



Attorney Docket No. 4257-0029 30 



V. Utility 

Interfering with the ethylene perception pathway is an alternative approach to the 
downregu.at,on of ethylene biosynthesis as a means to regulate the effect of ethylene ,n 
plants In carrying out this approach, ethylene-mediated responses such as fru-t 
5 ripening, vegetable ripening, flower senescence, abscission, and other undes.rable 

ethylene responses are blocked or delayed. The present invention is directed to mCTR 
nucleic acids, mCTR proteins and the expression of mCTR protein coding sequences ,n 
plants Transgenic plants which express mCTR and exhibit a modulated triple response 
find utility in the inhibition or elimination of the deleterious effects of ethylene on fruits, 

1 0 vegetables and flowers. 

in general, the utility of creating a low ethylene phenotype by interfering .n 
ethylene perception has been proven by the success of chemicals such as 
methylcyclopropane (MCP). The genetic interference in ethylene perception ,n 
transgenic plants that express mCTR may be used alone or together with expression of 

1 5 a gene product capable of reducing ethylene biosynthesis when expressed in plant cells, 
e.g., S-adenosyl-methionine hydrolase (SAMase), thereby reducing the effects of 
ethylene on post harvest physiology of fruits, vegetables and flowers. 

The following example illustrates but is not intended in any way to limit the 
20 invention. 

EXAMPLE 1 

Oligonucleotide primers complementary to conserved domains of the CTR1 
oDNA sequences from Arabidopsis and tomato were used to amplify a full-length cDNA 
25 encoding a homologue of CTR1 from a cantaloupe (Cucumis melo) fruit cDNA library. 

Degenerate oligonucleotide primers were designed to amplify the 5' and 3' ends of 
a CTR1 homologue from a PCR-accessible cDNA library from ripe melon fruit. Putat.vely 
conserved regions of CTR1 were selected by aligning the nucleotide sequence of 
GenBank Accession Nos. L08789 (Arabidopsis thaliana CTR1 cDNA) and Y13272 
30 (tomato CTR1-.ike cDNA). A reverse primer CTR1 2-R (SEQ ID NO:3) was designed to 
perform a 5' RACE to amplify the response regulator region of a melon CTR1 
homologue, resulting in a 1 3kb fragment, while CTR1 3-F (SEQ ID NO:4) was designed 
for 3' RACE to isolate the kinase domain, resulting in the isolation of a 1.4kb fragment. 
The two conserved doma.ns are separated by a highly variable region, and so spec.fic 
35 primers were designed from the melon RACE products to amplify this variable region 
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from melon. The two primers. mCTR5-F (SEQ ID NO:5) and mCTR6-R (SEQ ID NO:6), 
were used in an RT-PCR react.on to amplify a 500bp fragment that overlaps the 5' and 
3' fragments previously obtained by RACE. Finally, the 3.2kb complete mCTR cDNA 
(SEQ ID NO 1) was assembled from the three fragments by PCR without the addition of 
oligonucleotide primers. The full-length mCTR coding region was epitope-tagged at the 
C-terminus in order to monitor protein expression in transformed plants. 

A Basic BLASTN search of non-redundant nucleic add sequences, conducted 
on May 25 2000, through NCBI using the search capabilities of the NIH website with the 
nucleotide sequence presented in Figures 1A-1B (melon mCTR homo.ogue nucleic ac.d 
sequence) A Basic BLASTP search of non-redundant SwissProt sequences, was also 
conducted on May 25, 2000, through NCBI using the search capabilities of the NIH 
website with the amino acid sequence presented in Figure 2. When compared to 
Ara^opsis CTR1 , the melon mCTR sequence is 58% identical at the nucleotide level 
and 62% identical at the amino acid level. When compared to tomato CTR1 , the melon 
mCTR sequence is 57% identical at the nucleotide level and 58% identical at the am.no 
acid level In addition, the melon sequence shows significant conservation in the 
putative kinase encoding region, suggesting that the cDNA is likely to encode a protein 
with kinase activity in melon. 



EXAMPLE 2 

A prokaryotic mCTR expression cassette was epitope-tagged and verified by 
expression and detection in E coli before being used to generate plant expression 
constructs. Binary constructs were made that place the mCTR gene under the control 
of the CsVMV constitutive promoter and further contain the nptll gene for conferring 
kanamycin resistance. Construct P AG4224 contains the full-length melon CTR coding 
region which has the sequence presented as SEQ ID NO: 1 . while construct pAG 4225 
contains the kinase domain alone, which has the sequence presented as nucleotides A- 
3286 of SEQ ID NO:1 , wherein A is any one of nucleotides 1440-1444. 

Arabidopsis (Col-0) was individually transformed with pAG4224 and P AG4225, 
described above. Transformed plants (T1) were selected on kanamycin and transferred 
to soil. The T1 plants were allowed to self and T2 seed was collected from each event. 
T2 seed from six independently transformed lines expressing the mCTR full-length 
cDNA (4224) and five lines expressing mCTR kinase only (4225) were plated on solid 
media supplemented with 100^M ACC, which is constitutive^ converted to ethylene ,n 
35 the seedlings. 
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An assay for the ethylene triple response was conducted using Arabidopsis 
seedlings germinated on solid nutrient medium or on the same med,um supplemented 
with 100nM ACC. Hypocotyl length was used as a measure of the ethylene tnple 
response Untransformed Arabidopsis (ColO), the ethylene insensitive mutant e,n2-1 
5 and the constitutive ethylene response mutant drt were included as controls for the 
treatment The seeds were stratified 4°C (3 days), then transferred to 25°C l.ght (9 
hours) and then 25°C dark (3 days). Seed.ings were observed and the hypocoty, length 
of at least 20 seedlings per line was measured to the nearest mm. The mean hypocoty, 
length ( + SD) of untransformed Arabidopsis (Col-0). the two ethylene response mutants, 
10 and 5 independent transformation events for each mCTR expression construct ,s 

provided in Figure 3. The results show that the ethylene response mutants cfrl and 
e,n2-1 each exhibited the predicted phenotype on ACC, while most of the transformed 
Arabidopsis lines showed an attenuated ethylene response in the presence of ACC (a 
longer hypocotyl and less pronounced apical hook). In particular, events 4225P, 4225X, 
1 5 4225R and 4224AB had mean hypocotyl lengths significantly different from the 

untransformed control (Col-0). The increase in mean hypocotyl length in most of the 
transformed of the lines supports the observation that the mCTR transformants are 
partially insensitive to ethylene. (See Figure 3.) 

Molecular analysis was performed on the lines showing the most extreme 
20 ethylene resistance based on hypocotyl measurements. The analysis confirmed the 
presence of both the mCTR transgene and the transcript associated with it consistent 
with the observations of a modified triple response (Fig. 3). DNA PCR using genomic 
DNA as the template to confirm the presence of the transgene was performed on 
kanamycin resistant seedlings using the Extract-N-Amp Plant PCR Kit according to the 
25 manufacturer's protocol (Sigma, cat# XNA-P). 

The template for the PCR reactions was either a single seedling that was 
kanamycin-resistant (4224AB through 4225X) or a leaf sample collected from each of 
five individual seedlings transplanted to soil after the kanamycin selection (individuals 1 ■ 
5 from event 4225P). 

30 The results shown in Figure 4 confirm the presence of the mCTR transgene ,n 

kanamycin resistant seedlings. The expected 520bp product was obtained following 
DNA PCR of transgenic lines, but was observed to be absent in untransformed Col-0 
DNA and in the absence of template. A positive control for the reaction consisted of 
Col-0 DNA supplemented with the mCTR expression construct pAG4225 (Fig. 4). 
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RNA was extracted directly from a pool of seedlings taken directly from the ACC 
p,ates where the ethylene-resistant phenotype was confirmed using a modified CTAB 
extraction protocol. RT-PCR was performed using a TITANIUM One-Step RT-PCR K,t 
(Clontech cat# K1403-2) according to the supplier's protocol. In both react.ons, the 
primers used were specific the melon CTR sequence upstream of the kinase doma.n, a 
re g ,on which occurs in both mCTR express,on constructs, mCTR8-F (SEQ ID NO:8) and 
mCTR9-R (SEQ ID NO:8). Results of the RT-PCR indicate that a 520bp product ,s 
amplified from the transgenic lines, but not from the uniformed Co,-0, with an actm- 
specific transcript used as a positive control for each sample (Fig. 5). 

Table 1. Rpf ypncfis Prov ed in Support of the Invention 



Description 



shown in Figs. 1 A-B . — • — 

IhTdid^cId 850 amino acid sequence of the Cucumis melo CTR1 

homologue, as shown in Fig. 2 ^ . 

■^T^sT^rT^ CGA C (3'), where 
y is T or C, s is G or C, and k is G orT. 



SEQ ID 
NO 

1 



^T^^^FgSTGAK TGG CAT GGC TCK GAT GTT GC (3'), 

w here y is T or C, s is G or C, and k is G orT. 

mCTT^^A^ 

mCTR e-r^JJ^GCTGG^TTGGTCA^ 



7nCTR8^^^ 

"^r5TR9^T(5y^ (3') 



All publications, patents and patent applications are herein expressly 
incorporated by reference in their entirety to the same extent as if each individual 
publication, patent or patent application was specifically and individually indicated to be 
incorporated by reference in its entirety. 
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